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CLAIMS 

1. A sliding member comprising a substrate and a hard 

coating formed on said substrate, wherein said hard coating 
comprises a nitride-based material containing substantially 
titanium nitride and at least one element selected from the group 
consisting of Al , Cr, Zr and Hf , and having a face-centered cubic 
crystalline structure with a lattice constant ranging from 0.414 
to 0.423 nm in a crystal of said nitride-based material, 

2 . A sliding member according to claim 1 , wherein said 

crystal has crystal orientation in (111) planes. 



3. A sliding member comprising a substrate and a hard 

15 coating formed on said substrate, wherein said hard coating 
substantially comprises a nitride-based material containing 
substantially titanium nitride and at least one element selected 
from a group consisting of B and Si, and having a face-centered 
cubic crystalline structure comprising crystallites of an 
2 0 average size of not more than 9 nm. 
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4. A sliding member according to any of claims 1 to 
3, wherein said nitride-based material has a chemical 
composition defined in a formula, excepting inevitable 
impurities : 

Ti(ioo-x)Mex nitride compound 
where Me represents one element selected from the group 
consisting of Al, Cr, Zr, Hf , B and Si, and x is in a range given 
by a relation: 

2 atomic %^ x ^30 atomic %- 

5. A method for making a sliding member according to 
any of claims 1 to 4 , comprising the steps of: forming a hard 
coating on said substrate by simultaneously depositing in a 
vacuum Ti and at least one element selected from the group 
consisting of Al, Cr, Zr, Hf , B and Si on said substrate while 
irradiating said substrate with ion beams containing 
substantially nitrogen ions. 

6. A sliding mechanism comprising a combination of 
a movable member and a static member, wherein either said movable 
member or said static member is made of a sliding member according 
to any of claims 1 to 4 , or made by a method according to claim 
5 , and a remaining member is made of a material containing carbon, 

7. A sliding mechanism according to claim 6, wherein 
said material containing carbon is a material containing 
substantially carbon, a material infiltrated with carbon or a 
thin film containing carbon- 
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8. A sliding mechanism according to any of claims 1 
to 4 , a method according to claim 5 or a sliding mechanism 
according to claim 6 or 7 , wherein said substrate is a metal 
material . 

9. A dressing tool comprising a sliding member 
according to any of claims 1 to 4 , or comprising a sliding member 
made by a method according to claim 5 . 
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Box III TEXT OF THE ABSTRACT (Continuation of item 5 of tlie first sheet) 



This invention relates to a hard coating developed for applications 
involving high-temperature corrosion by improving the performance 
of TiN coatings while retaining the superior wear resistance and low 
friction coefficient of TiN itself. The nitride-based sliding material 
has a face-centered cubic crystalline structure with lattice constant 
of between 0.414 and 0.423 nm, and is made of mostly T1N but contains 
at least one element selected from the group containing Al , Cr, Zr and 
Hf; or comprises a nitride-based material containing substantially titanium 
nitride and at least one element selected from a group consisting of B and 
Si, and having a face-centered cubic crystalline structure comprising 
crystallites of an average size of not more than 9 nm. 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/JP99/05838 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70. 1 7).): 

Description, pages: 

1-21 as originally filed 

Claims, No.: 

1-18 as received on 09/10/2000 with letter of 09/10/2000 

Drawings, sheets: 

1/5-5/5 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

tS the claims, Nos,: X \ H ^ ^ 
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□ the drawings, sheets: 

5. la This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

see separate sheet 

6. Additional observations, if necessary: 



III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1. The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 



obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 

E claims Nos. 15-17. 
because: 

□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination {specify): 

□ the description, claims or drawings {indicate particular elements belovi^ or said claims Nos. are so unclear 
that no meaningful opinion could be formed {specify): 

la the claims, or said claims Nos. 15-17 are so inadequately supported by the description that no meaningful 
opinion could be formed. 

□ no international search report has been established for the said claims Nos. . 

2 A meaningful international preliminary examination report cannot be carried out due to the failure of the nucleotide 
* and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1,3,10-14,18 
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Claims 


1,3, 


10-11, 13-14, 18 


No: 


Claims 
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Yes: 


Claims 


1,3, 


10-14. 18 


No: 


Claims 







2. Citations and explanations 
see separate sheet 
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Re Item I 

Basis of the report 

This report has been established as if amended clainns 15-17 had not been filed, since 
the subject-matter of these claims is considered to go beyond the disclosure as filed 
(Rule 70.2(c) PCX). According to the disclosure page 5, lines 10-14 and page 8, lines 
5-13, the preferred substrate is not defined as a metallic substrate in general, but as 
material having "a low coefficient of thermal expansion of not more than 1 1x10 ® so as 
to produce tight bonding". 

Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1. relevant prior art 

Reference is made to the following documents: 

D1: MUENZW-D: TITANIUM ALUMINIUM NITRIDE FILMS: A NEW 

ALTERNATIVE TO TIN COATINGS' JOURNAL OF VACUUM SCIENCE 
AND TECHNOLOGY: PART A,US,AMERICAN INSTITUTE OF PHYSICS. 
NEW YORK, vol. 4, no. 6, November 1986 (1986-11), page 2717-2725 
XP002064735 ISSN: 0734-2101 

D2: VAZ F ET AL: 'Physical, structural and mechanical characterization of Ti/sub 
1-x/Si/sub x/N/sub y/ films' 25TH INTERNATIONAL CONFERENCE ON 
METALLURGICAL COATINGS AND THIN FILMS, SAN DIEGO, OA, USA, 
27 APRIL-1 MAY 1998, vol. 108-109, no. 1-3, pages 236-240, 
XP000869552 Surface and Coatings Technology, 10 Oct. 1998, Elsevier, 
Switzerland ISSN: 0257-8972 

D5: TAKANO I ET AL: 'Formation of Ti-AI-N thin films by the dynamic ion mixing 
method' 9TH INTERNATIONAL CONFERENCE ON SURFACE 
MODIFICATION OF METALS BY ION BEAMS, SAN SEBASTIAN, SPAIN, 4- 
8 SEPT. 1995, vol. 84, no. 1-3. pages 409-413, XP000869550 Surface and 
Coatings Technology, Oct. 1996, Elsevier, Switzerland ISSN; 0257-8972 

D6: SHEW B -Y ET AL: 'Effects of r.f. bias and nitrogen flow rates on the 
reactive sputtering of TiAIN films' THIN SOLID F1LMS,CH,ELSEVIER- 
SEQUOIA S.A. LAUSANNE, vol. 293. no. 1-2, 1997, page 212-219 
XP004080859 ISSN: 0040-6090 
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D7: PATENT ABSTRACTS OF JAPAN vol. 018, no. 014 (P-1672). 1 1 January 
1994 (1994-01-1 1) & JP 05 250770 A (NISSIN ELECTRIC CO LTD). 28 
September 1993 (1993-09-28) 

D9: US-A-5 731 079 (EVANS JOSEPH D ET AL) 24 March 1998 (1998-03-24) 

2. Process claims 12 

2.1 . The subject-matter of independant claim 12 differs from the teaching of document 
D1 (see 1. Introduction, lines 5-8). D5 (see figure 1), D6 (see I. Introduction, lines 9-11) 
in that the element deposited with Ti is not Al but one from the group consisting of Cr, 
Zr, Hf and B. In D7 (see abstract) B is deposited with TI but the substrate coated is a 
magnetic recorder head which is obviously not suitable as a substrate for a cutting tool. 
D9 discloses a process where Ti and Zr are deposited from a cathodic arc in a vacuum 
chamber having a controlled pressure of N (see column 2, lines 8-11). Such a process 
does not involve an ion beam as claimed In claim 12. Therefore, the subject-matter of 
amended claim 12 is considered to be new in the sense of article 33(2) PCT. 

2.2. The use of a dynamic ion beam mixing (DM) film deposition process for deposition 
of TiBN having enhanced hardness and abrasion resistance is known from D7 (see 
abstract). The process for coating a metallic substrate suitable for making a sliding 
member seems to be identical to the process for coating a magnetic recording head as 
in D7 apart from the nature of the substrate to be coated. It would be obvious to the 
person skilled in the art, namely when the same result is to be achieved, ie hard coating 
with high abrasion resistance, to apply the process of D7 with corresponding effect to a 
substrate suitable for making a sliding member as claimed in claim 12. The subject- 
matter of claim 12 does therefore not Involve an inventive step (Article 33(3)'PCT). 



3. Product claims 1, 3, 10, 11, 13, 14, 18 
3.1. Independant claim 1 

The document D1 is regarded as being the closest prior art to the subject-matter of 
claim 1 , and discloses the coating of parts of cutting tools, ie "sliding members", with 
TiAI-nitride compound. The crystal structure of the coating Is the face-centred cubic 
structure of TIN, the lattice parameter being shrunk to 4.20A in the case of TI/AI=1 (see 
page 2720). Therefore, the subject-matter of independant claim 1 can only be clearly 
distinguished from the teaching of D1 in that the coating comprises Cr instead of Al. 
Therefore, the subject-matter of claim 1 Is considered to be novel In the sense of Article 
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33(2) PCT. 

None of the prior art cited in the search report mentions or suggests a sliding member 
comprising a TiCrN hard coating. Therefore, the subject-matter of claim 1 is also 
considered to involve an inventive step in the sense of Article 33(3) PCT. 

3.2. Independent claim 3 

The document D2 (see table 1 and Conclusions) Is regarded as being the closest prior 
art to the subject-matter of claim 3. and discloses the coating of cutting tool parts, ie 
"sliding members", with TiSi-nitride compounds Instead of TIB-nltrlde compounds as 
claimed in claim 3. Therefore, claim 3 is considered to be novel in the sense of Article 
33(2) PCT. 

None of the prior art cited in the search report mentions or suggests a sliding member 
comprising a TIBN hard coating. Therefore, the subject-matter of claim 3 is also 
considered to involve an inventive step in the sense of Article 33(3) PCT. 

4. Independant claim 10 and claim 11 

A sliding member comprising a hard coating made of a nitride-based material 
containing layers of TIN and ZrN is known from D9 (see column 3, lines 12-28). 
However, TIN and ZrN lattice parameters are above the range claimed. On the other 
hand, document D6 (see §1 . Introduction) mainly dealing with TIAIN coating for cutting 
tools, mentions TiZrN films in a non limited list of multlcomponent films. No references 
to its hardness, its abrasion resistance or a possible use of this specific composition in 
the field of cutting tools are given. Therefore, the subject-matter of claim 10 is 
considered to be novel. 

Moreover, none of the documents cited in the search report mentions or suggests a 
sliding member comprising a coating made of TIN and Zr and/or Hf with a lattice 
constant in the range claimed. The subject-matter of Independant claim 10, as well as 
claim 1 1 dependant to claims 1 , 3 and 10 is also therefore considered to involve an 
inventive step in the sense of Article 33(3) PCT. 

5. Claims 13, 14 and 18 

Claims 13, 14 and 18 deals with cutting tools comprising a sliding member according to 
any of claims 1 , 3 and 10. Since such a sliding member Is considered as novel and 
involving an inventive step, the sliding mechanism of claim 13-14 and the dressing tool 
of claim 18 are also considered to fulfill the requirements of Article 33(2) and (3) PCT. 
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